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FALL VS SPRING APPLICATION OF NITROGEN 
Gyles W. Randall 
Soil Scientist 
Southern Experiment Station 
University of Minnesota 
Waseca, Minnesota 
Fall application of nitrogen (N) has been a way-of-life for many Upper Midwest farmers for 
a number of years. The primary advantages of fall compared to spring application are: (1) 
spread out the work load for both the farmer and dealer, (2) reduce potential soil compaction by 
eliminating another field operation in the spring, and (3) slight price advantages for fall 
application. But with the eight-month period between application and the time of greatest N 
uptake by com, the potential loss of N from the soil system increases. These potential losses lead 
to poorer economic return and contamination of surface and groundwaters via leaching out of 
the crop rooting zone. 
In order to achieve a goal of minimizing environmental impact while optimizing agricultural 
profits to N fertilizer, a set of best management practices (BMP's) has been developed to account 
for variation in soils, hydrogeologic conditions, and climatic conditions in Minnesota. The state 
has been divided into five regions based upon climatic conditions, soil characteristics, and the 
resulting sensitivity to groundwater contamination (Fig. 1). Three of these regions border Iowa. 
The BMP's that relate to time of N application will be addressed for each. 
Northwest ----
--------- Central 
and East Central 
Southwest and 
West Central----
I 
L ___ South Central 
Fig. 1. The five regions for which BMPs are formulated 
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Time of N Application BMP's for Southeastern Minnesota 
Southeastern Minnesota is characterized by permeable, silt loam soils with underlying 
fractured limestone bedrock. Similar to eastern Iowa, this karst region is very susceptible to 
groundwater contamination. Average annual precipitation in the region is greater than 30 inches. 
Cropping systems include com, forages, oats and soybeans. Livestock production consists 
primarily of dairy, beef and hogs. Specific BMP's for this 7-county area are based on field 
research conducted in these counties during the last few years. 
The nitrogen BMP's for southeastern Minnesota include: 
1) Do not apply fertilizer N in the fall! 
The risk of leaching loss of nitrate from fall N application is heightened in southeastern 
Minnesota due to the high average annual precipitation, the well-drained and permeable 
nature of the soils and the presence of karstic terrain. Spring pre-plant or sidedress N 
applications provide for more efficient use. 
A continuous com study conducted on a Port Byron silt loam in Olmsted County beginning 
in 1987 clearly demonstrates that N should not be applied at above recommended rates and 
not in the fall (fable 1). Highest 4-yr average yields occurred with the 150-lb N rate; 
however, N03-N concentrations in the soil water at 5' also began to· climb rapidly at this rate. 
At this site aN rate of about 120 lb/A would have optimized yield and profitability to the 
farmer while minimizing nitrates in the groundwater. 
Table 1. Effect of N treatments on the 1990 and 4-yr average com yield and N~-N 
concentrations in the soil water at 5' in Olmsted Co.!' 
Rate 
lb/A 
0 
75 
150 
225 
N Treatment 
Time/Method 
Spr. preplant 
" 
" 
150 Fall 
150 Fall + N-Serve 
75 + 75 Spr. + SD (9-lf) 
!l From Randall, et al. 
?! Fall, 1990. 
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Nitrate-NY 
Grain Yield Cone. in Soil Water 
1990 '87-90 at 5' 
--- bu/ A ------- ------ ppm ---------
76 
145 
155 
156 
145 
148 
154 
84 
156 
172 
167 
169 
169 
168 
1 
11 
29 
43 
43 
50 
47 
Fall application (Nov. 13) of anhydrous ammonia with and without N-Serve gave yields in 
I990 that were 7 to IO bu!A less than with the same N rate applied in the spring before 
planting (Table I). Moreover, N03-N concentrations in the soil water were 50 to 70% higher 
with the fall applications. Nitrate-N concentrations in the soil water in October, I988, were 
also highest for the fall applications; however, yields were not impacted that year. 
Examination of the 4-year yield average does not show consistent yield decreases with fall-
applied N, but in seasons with above normal rainfall lower yields can be encountered with 
fall application of N. 
2) Spring pre-plant application of anhydrous ammonia or urea is encouraged. 
Broadcast urea should be incorporated within three days of application. 
For preplant applications, use of ammonium forms of N fertilizer instead of nitrate-N forms 
reduces the immediate potential for N leaching loss. Under normal spring conditions, 
anhydrous ammonia and urea will take from two to six weeks to nitrify from the ammonium 
form to nitrate. This delay decreases the potential for leaching of nitrate, the mobile form of 
N, during the last part of April and in May when precipitation is highest and crop demand 
for Nand water is very low. 
Urea that is broadcast on the soil surface should be incorporated soon after application to 
reduce the potential for volatilization losses of ammonia and surface runoff. Volatilization of 
surface-applied urea to the atmosphere is generally enhanced by crop residue and high soil 
pH. Although high soil pH is uncommon in southeastern Minnesota and eastern Iowa, high 
amounts of surface residue are common because of conservation tillage being used with 
continuous com. In addition, urea left on the soil surface can easily be transported 
downslope toward streams and sinkholes during high intensity rains. 
3) Apply sidedress N to com prior to the V4 (12" high) stage of development. 
Limiting sidedress applications to pre-I2"-high com will help insure N availability during 
peak N demand which occurs from late-June through mid-August. This strategy will also 
decrease the probability of N being unavailable to the crop in instances of dry soil surface 
conditions or lack of timely rainfall. Results from Goodhue and Winona Counties clearly 
show either no yield increase or yield decreases with delayed N applications. 
A 3-year study conducted on a Mount Carroll silt loam in Goodhue Co. with band-applied 
(2" deep midway between 30" rows) ammonium sulfate showed a 5 hulA com yield decrease 
when applied at the 8-leaf stage compared to at planting (Table 2). A II bul A decrease was 
noted with the 8-leaf application in I983 when an extended dry period followed theN 
application. Moreover, the sidedress applications resulted in substantially higher amounts of 
residual N03-N remaining in the 5-foot soil profile after harvest. Unfortunately, 60% of the 
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residual N03 was not found in the 5-foot profile the following May in these years with heavy 
fall and early spring rainfall. 
Table 2. Effect of application time on the 1982-84 average com yield and residual 
nitrate-N found in the 0-5' soil profile after harvest in Goodhue Co.!' 
N Treatment 
Rate Time 
lb/A 
0 
135 Planting 
135 8-leaf stage 
!' From Jokela and Randall 
3-Yr Avg. 
Yield 
bu/A 
94 
127 
122 
3-Yr Avg.Residual 
N03-N in Profile 
lb/A 
156 
206 
283 
A recent study (1987-90) conducted on a Port Byron silt loam in Goodhue Co. showed no 
yield advantage for either split (preplant and sidedress) or single sidedress applications of 
anhydrous ammonia to continuous com (Table 3). Soil water obtained from a five-foot depth 
after harvest in 1990 showed a significantly higher N03-N concentration with the 6-leaf 
application compared to the preplant application. 
Table 3. Effect of N application time and rate on the 1987-90 average com yield 
and N03-N concentration in the soil water at a 5-foot depth in Goodhue 
l' 
4-Yr Nitrate-N 
N Treatm~nt Avg. Concentration 
Rat~ Time/Method Yield in Soil WaterY 
1b N/A bu/A ppm 
0 89 6 
50 Preplant (PP) 129 ~I 
100 " 143 22 
150 " 147 39 
200 " 148 ND 
50 + 50 PP + SD (6-lf) 142 ND 
50+ 100 " 146 ND 
100 +50 " 148 ND 
100 SD (6-lf) 140 ND 
1~Q II 146 62 
l' From Randall, et al. 
y Fall, 1990. 
'l' ND =not determined. 
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Somewhat similar results were found in a continuous com study in Winona Co. (fable 4). 
However, major differences among the sites should be noted in that the Winona study was 
conducted on a lower organic matter soil (Seaton silt loam) with a previous history of alfalfa and 
dairy manure. The Winona Co. site was much less responsive to N with a 4-yr average yield 
increase of only about 30 hulA. Similar to Olmsted Co. (fable 1) and Goodhue Co. (fable 3), 
the split applications of N did not increase yields but did increase N03-N concentrations in the 
water. Sidedressing all of the N at the 6-leaf stage was too late, resulting in somewhat lower 
yields. 
Table 4. Effect of N application time and rate on the 1987-90 average com yield 
and N{h-N concentrations in the soil water in Winona Co.!' · 
4-Yr Nitrate-NY 
N Treatment Yield Cone. in Soil Water 
Rate Time/Method Avg. at~· 
lb N/A bu/A ppm 
0 127 13 
50 Preplant (PP) 153 ~I 
100 " 156 30 
150 " 158 34 
50 + 50 PP + SD (9-lf) 157 ND 
50+ 100 " 160 64 
1~Q SD (6-10 152 ND 
!' From Randall, et al. 
y Fall, 1990. 
'J.I ND = Not determined. 
Time of N Application BMP's for South-Central Minnesota 
South-central Minnesota is characterized by fmc-textured soils formed in glacial till and 
sediments. Similar to north-central Iowa, most south-central Minnesota soils have naturally 
poor-to-moderate internal drainage and are tiled to improve drainage. Average annual 
precipitation in the region is 25 to 31 inches. Cropping systems are predominantly com and 
soybeans. Specific BMP's for this 18-county area are based on field research conducted in some 
of these counties during the last 15 years. 
The nitrogen BMP's for south-central Minnesota include: 
1) Spring pre-plant applications of N are highly recommended. 
University research conducted in this region indicates that spring N applications are used 
more efficiently by the crop and result in decreased nitrate loss to tile line flow than fall 
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applications. The potential for N loss by denitrification is also reduced with spring application. 
Results obtained at Waseca support this BMP. Fall application of ammonium sulfate in 
early November resulted in significantly lower com yields than spring applications (fable 5). 
Moreover, N03-N lost out of the tile lines was markedly higher with the fall applications. 
Fall application of urea would be expected to give similar results. 
Table 5. Com yields and N03-N lost thru the tile lines as influenced by N rate and 
time of 3J?plication at Waseca.!' 
Annual 
N Treatment 1978-82 N03-N lost 
Rate Time Yield Av~:, thru tile lines 
lb/A bu/A lb/A 
0 66 7 
120 Fall 131 27 
120 Spring 150 19 
180 Fall 160 34 
180 Snrin~: 168 26 
!' From Randall, et al. 
Since the data in Table 5 were obtained using ammonium sulfate, many farmers questioned 
whether the same results would occur if anhydrous ammonia (AA) was used. Results 
obtained on a Webster clay loam at Waseca in 1990, when rainfall for April-Sept. exceeded 
normal by +6.72", show the highest N03-N concentrations in the tile water and greatest N03-
N losses with fall-applied AA without N-Serve (fable 6). The addition of N-Serve to the fall 
· AA reduced N03-N concentrations slightly but not to the level of the spring and split 
applications without N-Serve. Com yields did not vary greatly among the four N treatments. 
Table 6. Flow-weighted N03-N concentration in the tile water, NOrN losses and grain 
yield in 1990 as influenced by time of N a,wlication to com at Waseca!' 
Average 
flow-
N Ap_plicationY weighted 
Time N-Serve N03-N cone. 
ppm 
Fall(Oct.) No 35 
Fall (Oct.) Yes 30 
Spr. (Apr.) No 27 
Split (Apr + Jun) No 28 
Statistical si~:nif <0,25 level): 
!' From Randall, et al. 
Y As anhydrous ammonia at 135 lb N/ A. 
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Total 
N~-N Com 
loss grain 
thru tiles yield 
lb/A bu/A 
109 146 
69 146 
60 142 
74 151 
NS 
This study was repeated again in 1991 when an all-time April-September rainfall record was 
set-- 35.36" or 13.20" above normal. Under these very wet conditions, N03-N concentrations 
and losses in the tile drainage water were markedly lower for the spring and split treatments 
compared to the fall treatments (Table 7). Adding N-Serve to the fall-applied (Oct. 26) 
anhydrous ammonia resulted in slightly lower N03-N concentrations in the tile water in May-
July and a 21 bu/A yield increase. Highest grain yields were obtained with spring 
applications and were 8 to 10 bu/A more than with the late fall application with N-Serve. 
Table 7. Nitrate-N losses through tile lines at Waseca during April-August 1991 and com 
yield as influenced by time of N avvlication to com following soybeans.!' 
Parameter 
Fall 
NoN-S 
N03-N Loss (lb/A) 72 
Flow-weighted 
N03-N Cone. (ppm) 
April 16 
May 23 
June 34 
July 24 
August 14 
Com yield (bu/ A) 122 
!' From Randall, et al. 
Y As anhydrous ammonia at 135 lb N/ A. 
Time of Am>licationY 
Fall Svr Spr + SD 
N-Serve -----NoN-S ------
69 
16 
20 
27 
22 
14 
143 
52 
14 
16 
17 
14 
9 
151 
54 
14 
16 
16 
14 
11 
153 
When making decisions regarding fall application of N, it is important to look at fall vs 
spring comparisons under a variety of weather conditions. The experiment described in 
Tables 6 and 7 was also conducted in 1987, 1988, and 1989 when April-September rainfall 
was -1.54", -6.12", and -6.46", respectively, below normal. The data shown in Table 8 
indicate no statistically significant (P = 75% level) yield differences among the treatments; 
however, yields were generally lowest with fall application without N-Serve. Tile drainage 
losses though were too small to evaluate the environmental aspects of the N treatments. 
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Table 8. Com grain yield, N03-N concentration, and NOrN loss in tile drainage as 
influenced by time of N awlication to com following soybeans at Waseca.!' 
N A~mlicatiQnY Grain Yi~lg N03-N CQn~,¥ N03-N Loss~' 
Tim~ N-S~rv~ 1987 1288 1282 1287 1288 1287 1288 
- - - - - - bu/ A - - - - - -- - ppm- - - --- lb/A---
Fall (Oct.) No 179 91 133 7 18 2.5 2.5 
Fall (Oct.) Yes 182 101 143 6 16 1.9 4.0 
Spr. (Apr.) No 184 88 153 7 22 2.7 4.4 
Split (A+ J) No 195 100 146 8 16 2.6 1.3 
Statistical Signif. NS NS NS 
Y From Randall, et al. 
Y As anhydrous ammonia at 135 lb N/ A. 
¥ Average tile discharge for the plots totaled 1.7, 0 .8, and less than 0.1 acre-inch for 1987, 
1988, and 1989, respectively. 
Studies were conducted at Waseca in 1981 and 1982 to compare fall application of anhydrous 
ammonia and urea with and without N-Serve to spring application of the same materials. 
Rainfall from April-September ranged from 4.84" above normal in 1981 to 0.81" below 
normal in 1982. Two-year average com yields following soybeans shown in Table 9 indicate 
the following: 
a) Urea was inferior to anhydrous ammonia when fall-applied. 
b) Spring application of urea was superior to fall application. 
c) Little difference (4.5 bu/A) was found between the fall vs spring application of anhydrous 
ammonia when averaged across N-Serve treatments. 
Table 9. Average com grain yield as influenced by N source, time of application and 
N-Serve at Waseca in 1281-82.!' 
N Awlication 
Source N-Serve 
Ur~ No 
U~ Yes 
An.ammonia No 
An. ammonia Yes 
None 
Y From Malzer and Randall 
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Time of Awlication 
Fall Spring 
- - - - - bu/ A - - - -
157 
155 
162 
170 
104 
164 
167 
168 
173 
Urea that is broadcast on the soil surface should be incorporated soon after application to 
reduce the potential for volatilization losses of ammonia and surface runoff. Volatilization of 
surface-applied urea to the atmosphere is generally enhanced by crop residue and high soil 
pH. Because high soil pH is common in south-central Minnesota and north-central Iowa and 
high amounts of residue are becoming more common due to conservation tillage, urea should 
be readily incorporated. 
These data for south-central Minnesota clearly indicate that the success of fall application is related 
to growing season rainfall. When spring rainfall ranges from below normal to slightly above 
normal, fall-applied anhydrous ammonia appears to be a sound treatment, especially when N-Serve 
is used. Under wetter than normal spring conditions, spring application of ammonia is clearly 
superior to fall application even if N-Serve is added with the fall treatment. 
2) If some nitrogen is to be fall applied, delay application until the soil temperature is 
below 50° F at a six-inch depth. The use of anhydrous ammonia is encouraged for fall 
applications. Do not fall-apply N to coarse-textured, sandy soils. 
Delaying application until soil temperatures reach 50° F will minimize nitrification; this will 
reduce, but not eliminate, the potential for N loss. Research conducted in this area also 
indicates that anhydrous ammonia is the most efficient N form for fall use. 
The impact of time of anhydrous ammonia application and a nitrification inhibitor on the 
proportion of ammonium (NH4) remaining in the soil can easily be seen in Table 10. Soil 
samples were taken through the ammonia band on May 10 from anhydrous ammonia applied 
the previous fall and the previous week. Less than 50% of the original NH4- N remained in 
early May from all of the fall applications regardless of application time or inhibitor use. 
Ammonia applied at soil temperatures above 50° F (68° F on the day of application) was 
almost completely converted to N03 by early May. Because warmer soil temperatures 
enhance the conversion to nitrate and thus increase the potential for leaching and/or 
denitrification losses, anhydrous ammonia should not be applied until late October in south-
central Minnesota. Long-term average 6" soil temperature reaches 50° F on October 13 but 
due to temperature fluctuations does not remain below 50° F until October 29 at Waseca. 
Table 10. Percent ammonium remaining in the AA fertilizer band at Waseca on 
May 10.1' 
Application Date 
Sept. 14 
Oct. 14 
Nov. 7 
May2 
!' From Malzer 
N-Serve 
No Y~ 
- - - - - % NH. remaining - - - -
6 12 
23 42 
32 43 
79 85 
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Time of N Application BMP's for Southwestern Minnesota 
Southwestern Minnesota is characterized by soils of medium-to-fme texture which were 
formed in glacial till with some wind-blown (loess) soils in the southwestern comer. These loess 
soils are more common in western Iowa. Many soils in the region have naturally poor to 
moderate internal drainage and consequently are tiled to improve drainage. Average annual 
precipitation is less than 26 inches. Cropping systems are dominated by com, soybeans and small 
grains. Specific BMP's for this area are based on field research conducted in this area. 
The nitrogen BMP's for southwestern Minnesota include: 
1) Spring preplant applications of anhydrous ammonia or urea are recommended. 
The southwestern region of Minnesota experiences lower average annual precipitation than 
most of the state. Consequently, fall N applications have less potential to leach to 
groundwater than in many other regions. However, spring applications may result in higher 
N use efficiency than fall applications. 
One of the longest running studies in the nation has compared fall vs spring application of 
urea and ammonium nitrate (AN) at Lamberton. Results from this continuous com study on 
a Webster clay loam show that spring application of urea increases yields by 5 to 6 bu/A while 
yields with spring-applied AN are 3 to 11 bu/ A higher compared to fall application (fable 11 ). 
In 1991, when rainfall was slightly above normal, yields with urea were generally unaffected 
by time of application while yields from fall-applied AN were 10 to 15 bu/A lower than from 
spring application. These results confirm why fall application of nitrate-based fertilizers (AN 
and UAN) are not recommended. The 5 to 6 bu/A advantage for spring-applied urea over a 
31-yr period also suggests that anhydrous ammonia would be a better choice than urea for fall · 
application in southwestern Minnesota. 
Table 11. Com grain yield response to fall and spring-applied Nina 31-year study 
(1961-1991) at Lamberton!' 
N TreatmentY 1991 31-Yr Avg. 
Source Rate Fall Spring Fall Spring 
lb N/A - - - - - - - - - Grain Yield (bu/ A) - - - - - - - - - -
0 77 67 
Urea 40 119 119 89 95 
" 80 136 142 105 110 
" 160 159 114 
Am. Nitrate 40 102 117 86 97 
" 80 137 147 106 109 
" 160 162 114 
!I From Fuchs, et al. 
Y Fall applications were broadcast and plowed down. Spring applications were 
broadcast and incorporated with secondary tillage just prior to planting. 
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2) In situations where fall N applications are used, delay application until the soil 
temperature is below 50°F at a six-inch depth. Use anhydrous ammonia or urea 
sources of N. UAN-28 should not be fall-applied. Do not fall-apply N to coarse-
textured, sandy soils. 
Extra N or N-Serve'n 
An often asked question each fall is "Wouldn't it be better to apply an extra 40 to 50 lb N/A 
rather than apply a nitrification inhibitor, such as N-Serve?'' The answer is NO! Under 
conditions where fall-applied N will be lost due to leaching or denitrification, the extra N will 
also be lost and could lead to serious environmental consequences. Downward movement of this 
extra N will cause elevated N03 concentrations in tile drainage to surface water and in ground 
water. These consequences will surely have a dampening impact on the freedom, flexibility, and 
future of the fertilizer industry! 
Results from a University of lllinois study conducted with anhydrous ammonia and N-Serve 
clearly confirm this recommendation. When soils were saturated in early May, the application of 
an inhibitor (N-Serve) the preceding fall significantly increased corn yields. Furthermore, at aN 
rate of 150 lb/ A, the addition of an inhibitor increased grain yield more than did the addition of 
another 50 lb of N/ A. It should be emphasized though that a spring application of only 100 lb 
NIA was superior to fall applications of 150 and 200 lb N/A in that study. 
Summary 
Fall application of specific N sources is currently approved for areas and soils of Minnesota 
where the potential for loss due to leaching or denitrification is low. The guideline "soil 
temperature should be below 50° F at a 6-inch depth" is always emphasized. Fertilizer dealers 
and farmers should be cautioned to not "jump the season" just because minimum air 
temperatures drop into the low 30's or 20's for a day or two. Soil temperatures lag behind air 
temperatures and often remain considerably warmer for a few days. These warmer soil 
temperatures enhance the conversion to nitrate and thus increase the potential for leaching and/or 
denitrification losses. 
Because of increasing environmental concern with fall application, the future is clouded in 
some areas of the state and may be bleak in others. Thus, VOLUNTARY adoption of 
management practices that minimize environmental impacts while maintaining profitability is 
mandatory if we are to avoid REGULATION of fertilizer application. Shifts to spring 
application, later fall application, anhydrous ammonia rather than other N sources in the fall, 
nitrification inhibitors with fall applications, and agronomically, environmentally and 
economically sound rates of application are suggested practices that should accomplish this 
stewardship goal. 
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